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BASIC- ABSTRACT: 

NOVELTY - The processing substrate in vacuum is heat 
processed and a graphite nanofiber is grown 
uniformly on the patterned surface of the processing 
substrate using carbon containing gas and hydrogen 
gas. The diameter of the graphite nano fiber is 
controlled by the a thermal CVD method. 

DETAILED DESCRIPTION - The processing substrate 
comprises a base layer on a glass substrate or 
silicon substrate. The base layer is a thin metallic 
film containing at least one of iron (Fe) or cobalt 
(Co) . The base layer has predetermined pattern of 
thickness 10-50 nm. 

USE - For producing field emission display. 

ADVANTAGE - The adhesion between the base layer and 
the substrate is improved. Source of carbon group 
electron emission leads to achievement of high 
electron emission density and low field electron 
emission property. The display device using the 
source of carbon group electron emission enables 
light emission in the desired portion of the light 
emitting element. The diameter of the graphite nano 
fiber is controlled suitably by a thermal CVD 
method . 

DESCRIPTION OF DRAWING (S) - The figure shows the 
film forming apparatus used in the formation of thin 
graphite nanofiber film. 
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which can be used as a carbon based electron 
emmision source. 

SOLUTION: A substrate obtained by forming a 
catalytic metallic thin film of Fe, Co or an alloy 
containing at least one kind of those metals on the 
surface of a glass substrate or an Si substrate so 
as to have a thickness of 10 to 50 nm in prescribed 
patterns or the substrate to be treated which has a 
noncatalytic metallic thin film formed under the 
catalytic metallic thin film in prescribed patterns 
is subjected to heat treatment in a vacuum, 
thereafter, a carbon- containing gas or gaseous 
hydrogen are introduced into the vacuum chamber from 
a position lower than the position where the 
substrate is placed, the pressure in the chamber is 
kept to almost one atmospheric pressure, and 
graphite nanofiber is grown only on the pattern 
parts on the substrate by a thermal CVD process. 
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(54) METHOD FOR CONTROLLING DIAMETER OF GRAPHITE NANOFIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for controlling the 
diameter of a graphite nanofiber which can be used as a carbon based 
electron emmision source. 

SOLUTION: A substrate obtained by forming a catalytic metallic thin 
film of Fe, Co or an alloy containing at least one kind of those metals on 
the surface of a glass substrate or an Si substrate so as to have a 
thickness of 10 to 50 nm in prescribed patterns or the substrate to be 
treated which has a noncatalytic metallic thin film formed under the 
catalytic metallic thin film in prescribed patterns is subjected to heat 
treatment in a vacuum, thereafter, a carbon- containing gas or gaseous 
hydrogen are introduced into the vacuum chamber from a position lower 
than the position where the substrate is placed, the pressure in the 
chamber is kept to almost one atmospheric pressure, and graphite 
nanofiber is grown only on the pattern parts on the substrate by a 
thermal CVD process. 
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DETAILED DESCRIPTION 



Detailed Description of the Invention] 
0001] 

Field of the Invention] In case especially this invention forms a graphite nano fiber thin film with a heat CVD method 
ibout the control approach of the path of a graphite nano fiber, it relates to the approach of controlling the path of a 
graphite nano fiber using the substrate which has the metal thin film of specific thickness as a substrate layer. This 
ipproach may be used in order to manufacture the electroluminescence component used instead of a flat-surface display 
field emission mold display) or the electron tube ball of CRT. 
0002] 

Description of the Prior Art] From the former, the thing in which the conic cathode chip (chip which consists of W, Mo, 
5i, etc.) was formed on the electrode substrate is proposed as a source of cold cathode which is a source of electron 
mission to which an electron is made to emit, without heating. It is the case of this cathode chip, for example, the 
mitter produced using Mo chip, and the thing of a display application may be driven by lOOv [/micrometer ] electric 
ield now. 

0003] Although Si, Mo, etc. have been examined as a cathode material as described above, using a carbon nanotube for 
I cathode material in recent years is examined. The interior formed by the helical structure which made carbon 6 
nembered-ring main structure has the shape of a cylindrical shape of a cavity, and a carbon nanotube is the very detailed 
;raphite fiber of the multiplet structure by which the cylinder has been arranged concentric circular. The engine 
)erformance of this carbon nanotube is superior to other metallic materials in engine performance, such as the electron 
mission characteristic, thermal resistance, and chemical stability. The carbon nanotube is usually produced by the arc 
lischarge method, the laser evaporation method, the plasma-CVD method, etc. 

0004] Although this invention persons have furthered research and development wholeheartedly about the cathode 
naterial which has a high electron emission consistency and the low field-electron-emission engine performance In the 
)rocess made to form with a heat CVD method using carbon content gas and hydrogen gas Since there is the electron 
mission characteristic excellent in a header and this graphite nano fiber, the graphite nano fiber which has the structure 
vhich is not reported conventionally on February 4, Heisei 12 and March 28, 12 Respectively, patent application was 
lanied out as an application for patent No. 28001 [ 2000 to ], and No. 89468 [ 2000 to ]. This graphite nano fiber is the 
lolid which went out and carried out the laminating to the fragment with a small graphene sheet unlike the above- 
nentioned carbon nanotube, for example, it has the columnar structure to which it comes to carry out the laminating of 
he crystal which has a truncated cone configuration, and a penetration opening exists in that core, and this opening is 
loUow or is filled up with amorphous carbon. The diameter of the obtained graphite nano fiber is lOnm - 600nm, and the 
electron emission engine performance is inferior in that to which a diameter, for the moment, cannot compound what is 
ess than lOnm, and exceeds 600nm. Such a graphite nano fiber is useftil as a cathode material which has the outstanding 
ilectron emission characteristics, such as the high electron emission characteristic and low field-electron-emission 
sngine performance. 
0005] 

Problem(s) to be Solved by the Invention] However, since the electron emission from a carbon nanotube arises from the 
ip or a rejected region when it is going to use the conventional carbon nanotube which was described above as a source 
)f cold cathode (source of electron emission), there is a problem that it is inapplicable for the moment as a source of 
Jectron emission where high current density is demanded like the electron source for CRT. 
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0006] this invention persons with the technique about formation of the graphite nano fiber thin film by heat CVD 
nethod which was described above Although the approach that a graphite nano fiber thin film might be made to form in 
I predetermined part alternatively was found out since it was difficult to have made a graphite nano fiber thin film form 
n the predetermined part on a processed substrate efficiently When enforcing this formation approach, there is a problen 
hat it is difficult to control the path of the formed graphite nano fiber. 

0007] This invention cancels the above-mentioned trouble, and in case it carries out neglect profit of the graphite nano 
iber thin film which can serve as a source of carbon system electron emission as a cathode material which can attain a 
ligh electron emission consistency and the low field-electron-emission engine performance, it makes it a technical 
)roblem to offer the approach of controlling the path of the graphite nano fiber obtained. 
0008] 

Means for Solving the Problem] The control approach of the diameter of a graphite nano fiber of this invention The 
aibstrate which made the catalyst metal thin film of the alloy containing at least one sort of Fe, Co(es), or these metals 
brm as a substrate layer on a glass substrate or Si substrate at a pattern predetermined by the thickness of 10-50nm is 
ised as a processed substrate. After carrying out vacuum defervescence processing of this processed substrate, carbon 
content gas and hydrogen gas are used with a heat CVD method. By consisting of controlling the path of a graphite nano 
iber which the graphite nano fiber was made to grow up to be homogeneity, and grew up to be only a pattern part on thi! 
)rocessed substrate, being above-mentioned within the limits and changing the thickness of a catalyst metal thin film 
luitably The graphite nano fiber which has a desired path is producible. A catalyst metal means the metal which can 
brm a graphite nano fiber thin film on the metal. Although it becomes thin, since the grov^h rate is too slow, it is not 
)ractical, and since the path of the graphite nano fiber produced as the thickness of a catalyst metal thin film is less than 
[Onm has the inclination for a catalyst metal thin film to become easy to separate, it is not desirable while a thing thicker 
han about philOOnm or it will also be observed in the graphite nano fiber produced, if thickness exceeds 50nm. 
0009] Moreover, the control approach of the diameter of a graphite nano fiber of this invention The substrate which 
nade the catalyst metal thin film of the alloy containing at least one sort of Fe, Co(es), or these metals form as a 
;ubstrate layer on a glass substrate or Si substrate at a pattern predetermined by the thickness of 10-50nm is used as a 
)rocessed substrate. This processed substrate laid in the vacuum chamber which carried out evacuation is heated with an 
nfrared lamp, and vacuum defervescence processing of this processed substrate is carried out. Subsequently Introduce 
:arbon content gas and hydrogen gas into a vacuum chamber, and the pressure in a vacuum chamber is maintained in 
ibout 1 atmospheric pressure. It consists of controlling the path of a graphite nano fiber which the graphite nano fiber 
vas made to grow up to be homogeneity with a heat CVD method, and grew up to be only a pattern part on this 
)rocessed substrate. 

0010] As said processed substrate, on a glass substrate or Si substrate, after making the thin film of a non-catalyst metal 
brm in a predetermined pattern, the substrate which has the substrate layer of the two-layer structure where the catalyst 
netal thin film of the alloy containing at least one sort of Fe, Co(es), or these metals was made to form on this non- 
catalyst metal pattern at a pattern predetermined by the thickness of 10-50nm may be used. A non-catalyst metal means 
he metal which cannot form a graphite nano fiber thin film on the metal. 

001 1] As for the temperature which performs said heat treatment, it is desirable that they are 400 degrees C or more and 
)elow the heat-resistant temperature of a substrate. If heat treatment temperature is less than 400 degrees C, since the 
idhesion to the substrate of a substrate layer is bad, it is not practical, and even if the path of a graphite nano fiber is 
controllable, since the alloying by the interface of a catalyst metal and a non-catalyst metal does not take place in the 
lubstrate layer of two-layer structure, the adhesion of both layers is bad and is not practical. Moreover, when the heat- 
esistant temperature of a substrate is exceeded, there is a problem that a substrate will deform. 
0012] The mixing ratio of said carbon content gas and hydrogen gas is capacity criteria, and it is desirable that it is 
carbon content gas / hydrogen gas =0.1-10. When it is difficult to grow up a graphite nano fiber efficiently as a mixing 
atio is less than 0.1 and it exceeds 10, there is a problem [ control / carbon content gas concentration is too deep, and / 
;as concentration / the formation process of a graphite nano fiber thin film ] of being difficult, substantially. In addition, 
lydrogen gas is used for the dilution and the catalysis in gaseous phase reaction. 

0013] As for the temperature which enforces said heat CVD method, it is desirable that it is 450-650 degrees C. Since 
he carbon content gas as material gas is hardly decomposed as it is less than 450 degrees C, the growth rate of a graphite 
lano fiber becomes very slow, and there is a problem of not being economical. Moreover, a growth rate becomes quick 
;o that temperature is high, but when it exceeds 650 degrees C, there is a problem that it becomes difficult substantially 
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o control the formation process of a graphite nano fiber thin film. 

0014] As said carbon content gas, for example, carbon content gas, such as a carbon monoxide, a carbon dioxide, or a 

ow-grade hydrocarbon like methane, can be used, and a carbon monoxide or a carbon dioxide is desirable. 

0015] Moreover, after making said substrate layer metal thin film form in a predetermined pattern and performing 

vacuum defervescence processing, the front face of the catalyst metal thin film of this substrate layer is etched by the we* 

itching method etc., the surface state is made coarse, subsequently, it is desirable to perform a heat CVD mettiod and, 

hereby, growth of a graphite nano fiber becomes very good. 

0016] 

Embodiment of the Invention] As described above, according to the control approach of this invention, as a substrate 
ayer Fe, [ whether the glass substrate or Si substrate which made Co or the catalyst metal thin film of the alloy 
:ontaining at least one sort of these metals form in a pattern predetermined by the thickness of 10-50nm is used, and ] 
rhe thin film of desirable non-catalyst metals, such as nickel and Cu, is made to form in a predetermined pattern as a 
lubstrate layer. Or subsequently The glass substrate or Si substrate which made Fe, Co, or the catalyst metal thin film of 
he alloy containing at least one sort of these metals form on this non-catalyst metal pattern at a pattern predetermined by 
he thickness of 10-50nm is used. Vacuum defervescence processing of this is carried out at predetermined temperature, 
subsequently v^th a heat CVD method For example, the graphite nano fiber by which the path was controlled is 
)roducible using carbon content gas and hydrogen gas, such as a carbon monoxide and a carbon dioxide, by making a 
jraphite nano fiber grow only on the catalyst metal thin film pattern of this substrate layer. While the path of a graphite 
lano fiber is controllable by making the catalyst metal thin film of a substrate layer into specific thickness, the adhesion 
)etween a substrate layer and substrates and between a catalyst metal thin film and a non-catalyst metal thin film also 
mproves. 

0017] If a substrate layer is not prepared but the approach of this invention is enforced using a substrate of catalyst 
netal like Fe instead of the glass substrate which has the above-mentioned substrate layer, or Si substrate, the path of the 
jraphite nano fiber obtained is only an about lOOnm thing, and even if it changes the thickness of this substrate, only the 
hing of a comparable path will be obtained. 

0018] Although especially the method of forming the metal thin film pattern substrate layer to a processed substrate top 
s not restricted, a spatter, a CVD method, vacuum deposition (for example, EB vacuum deposition), etc. are used, and it 
nay be carried out by making a pattern form and adhere under the usual conditions in the predetermined part on a 
lubstrate, for example. Or the substrate with which said metal thin film pattern was given like the printer to the 
)redetermined part on the front face of a substrate according to the plating process etc. by the photograph 
USOGURAFU process performed by applying well-known photopolymer liquid on a substrate front face again may be 
)btained, and a graphite nano fiber may be grown up into homogeneity with a heat CVD method as mentioned above in 
he part where this metal thin film was given. Especially the configuration of said pattern may not necessarily be 
estricted and a straight line, a curve, a dotted line, or the other things of an arbitration configuration are sufficient as it. 
0019] By the control approach of the path of the graphite nano fiber of this invention, the substrate electrode holder 
equipped with the processed substrate first equipped with a substrate layer pattern which was described above is laid on 
he stanchion arranged in the vacuum chamber of the heat CVD system equipped with the infrared lamp, and evacuation 
s performed until the inside of this chamber is usually set to 0.1 - O.OlTorr The infrared lamp which countered and was 
brmed in the upper part part of a vacuum chamber in the condition at the processed substrate is energized, and it heat- 
reats for 1 - 30 minutes at the temperature below 400 degrees C or more and the heat-resistant temperature of a 
lubstrate. Then, the mixed gas of carbon content gas and hydrogen gas is preferably introduced in this chamber by the 
)redetermined capacity factor carbon content gas / hydrogen gas =0.1-10, and inert gas replacement is performed. In thai 
ase, this substrate is heated using the above-mentioned infrared lamp, it is 450 degrees C - 650 degrees C in temperature 
)referably, and only on the catalyst metal pattern on this substrate, a graphite nano fiber is made to grow up to be 
lomogeneity, and a graphite nano fiber thin film is formed. Thus, the diameter of a graphite nano fiber is controllable to 
ibout 25nm or less, corresponding to the thickness of the catalyst metal thin fihn of a substrate layer. This mixed gas can 
dso adjust a membrane formation rate by establishing such a heating means while being able to go up to membrane 
brmation temperature in a short time, if it heats beforehand before installation into a vacuum chamber. 
0020] In the case of the graphite nano fiber by which the obtained path was controlled as it described above, it becomes 
)0ssible about the field-electron-emission property from the source of carbon system electron emission to high- 
)erformance-ize. That is, electron emission of high current density sufficient to extent which can be used for the electron 
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iource for CRT with low applied voltage comparable as the conventional carbon nanotube becomes possible. 
0021] Especially as a heat CVD system for enforcing the control approach of the path of the graphite nano fiber of this 
nvention, although not necessarily restricted, the equipment which has a configuration as shown in drawing 1 of an 
iccompanying drawing and 2 can be used, for example. 

0022] One example of the heat CVD system used in order to enforce the approach of this invention is equipment 
ndicated by the application for patent No. 89468 [ 2000 to ]. This equipment introduces material gas with hydrogen gas 
n the vacuum chamber 1 made from the stainless steel which constitutes a membrane formation room, as shown in 
irawing I . It is equipment for forming the thin film of a graphite nano fiber on the processed substrate 3 with which the 
lubstrate electrode holder 2 was equipped. The infrared transparency aperture 4 which becomes the up wall surface of 
he vacuum chamber 1 which counters the substrate electrode holder 2 from heat resisting glass like a quartz is formed, 
rhe infrared heater 5 for substrate heating is formed in the outside of this infrared transparency aperture 4, and where a 
aibstrate 3 is heated at the infrared heater 5, it is constituted so that a graphite nano fiber thin film can be formed on a 
aibstrate. The pressure in the vacuum chamber in the case of thin film formation is maintained by about 1 atmospheric 
)ressure. Moreover, heat treatment of the processed substrate 3 with which the metal thin film pattern of a substrate layei 
vas formed may be performed under a vacuum within said vacuum chamber 1. 

0023] It connects with a vacuum pump 7 through a bulb 6, and the vacuum chamber 1 can exhaust now the inside of the 
vacuum chamber 1, and a vacuum gauge 8 is attached in the vacuum chamber 1, and it has come to be able to carry out 
he monitor of the pressure in a chamber to it. 

0024] The gas supply system 9 is connected to the vacuum chamber 1 again. This gas supply system 9 minds gas 
egulator 10b from bulb 10a, and pressure-regulator 10c. The material gas supply system which stands in a row in gas 
)iping in raw material chemical cylinder lOd, such as carbon monoxide gas, at the serial, Gas regulator 1 lb from bulb 
I la and pressure-regulator 11c are minded. Juxtaposition is equipped with the hydrogen gas supply system which stands 
n a row in the serial in gas piping at hydrogen chemical cylinder 1 Id. A material gas supply system and a hydrogen gas 
lupply system join between Bulbs 10a and 1 la and the vacuum chamber 1, and the mixed gas of carbon content gas and 
lydrogen gas is supplied in a vacuum chamber. In addition, it is made for mixed gas to reach on the processed substrate 
I, without being heated at the infrared heater 5. 

0025] A cooling means 12 to cool a vacuum chamber may be formed in the outside of the above-mentioned vacuum 
chamber 1, the wall of the vacuum chamber 1 may be covered with an insulator 13, and the infrared transparency 
iperture 4 may consist of heat-resisting glass, and the resistance heating type heater 14 may be formed in the substrate 
electrode holder 2. 

0026] Moreover, another heat CVD system used in order to enforce the approach of this invention is equipped with the 
netal vacuum chamber 21 and metal load locks chamber 22, such as stainless steel which constitutes a membrane 
brmation room, as shown in drawing 2 . The stanchion 25 for laying the substrate electrode holder 24 with which it was 
equipped with the processed substrate 23 in this vacuum chamber 21 is formed by the number of arbitration, and the 
:arrier robot 26 is formed in the load lock chamber 22. Moreover, a vacuum pump 27 is connected, and a vacuum gage 
!9 is attached, an indoor degree of vacuum is measured in this load lock chamber 22, and it has come to be able to carry 
)Ut a monitor to it further. The substrate electrode holder 24 with which it was equipped with the processed substrate 23 
s conveyed by the carrier robot 26 from a substrate stockroom in a load lock chamber 22. Subsequently, after carrying 
)ut evacuation of the inside of a load lock chamber 22 until it becomes a predetermined degree of vacuum (O.OlTorr 
5xtent), a gate valve 30 is opened, the substrate electrode holder 24 with which it was equipped with the processed 
lubstrate 23 in the vacuum chamber 21 by which evacuation was carried out to the predetermined degree of vacuum is 
conveyed, and it lays on a stanchion 25. And if a carrier robot 26 is returned to a load lock chamber 22, a gate valve 30 
vill be closed. Although it was substrate electrode-holder conveyance which conveys the substrate electrode holder 24 
vith which it was equipped with the processed substrate 23 above, substrate conveyance which lays this substrate on the 
;ubstrate electrode holder 24 which conveys the processed substrate 23 and is prepared by fixing on the stanchion 25 in 
he vacuum chamber 21 is sufficient. 

0027] It counters with the processed substrate 23, the infrared transparency aperture 3 1 which consists of heat-resisting 
;lass like a quartz is formed, and two or more infrared lamps 32 which come to have a predetermined array are attached 
n the outside of this aperture, and it is constituted by the upper part wall surface of the vacuum chamber 21 so that the 
)rocessed substrate 23 can be heated to homogeneity. 

0028] A vacuum pump 34 is connected to the vacuum chamber 21 through a bulb 33, and it is constituted so that the 
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svacuation of the inside of a vacuum chamber can be carried out. Moreover, the piping 28 which bypasses a vacuum 
mmp 34 makes a bulb 39 intervene, and is prepared. Furthermore, a vacuum gauge 35 is attached in the part of 
irbitration, the degree of vacuum in a vacuum chamber is measured to the vacuum chamber 21, and it has come to be 
ible to carry out a monitor to it. The vacuum gage 35 may be connected to the part of the arbitration of such an exhaust 
dr system. In addition, vacuum defervescence processing of the processed substrate 23 in which the pattern of the metal 
hin film of a substrate layer was formed may be performed within said vacuum chamber 21. 

0029] Moreover, the gas supply system 36 is connected to the vacuum chamber 21 . This gas supply system 36 equips 
uxtaposition with the hydrogen gas supply system which stands in a row in the serial in gas piping at hydrogen chemical 
;ylinder 38e through material gas supply system [ which stands in a row in the serial in gas piping at raw material 
chemical cylinder 37e, such as a carbon monoxide, through gas regulator 37b, pressure-regulator 37c, and bulb 37d from 
)ulb 37a ], and gas regulator 38b [ from bulb 38a ], pressure-regulator 38c, and bulb 38d. A material gas supply system 
ind a hydrogen gas supply system join between Bulbs 37a and 38a and the vacuum chamber 21, and they are constituted 
10 that the mixed gas of carbon content gas and hydrogen gas may be supplied in the vacuum chamber 21. Installation of 
nixed gas is performed through the gas injection nozzle means established so that it might be a lower part and this 
iubstrate might be surrounded near the outside rather than the installation location of the processed substrate 23 or the 
aibstrate electrode holder 24. The configuration will not be asked, if two or more gas injection tips which are open for 
ree passage on the top face at this internal gas passageway are installed successively and gas can be injected to 
lomogeneity in a vacuum chamber, while this gas injection nozzle means connected to the gas supply system 36 equips 
he interior with a gas passageway. As for this gas injection nozzle means, it is desirable to carry out field contact and to 
)e arranged in the bottom wall and/or side-attachment-wall side in the vacuum chamber 21 . It is for cooling of this gas 
njection nozzle means. If mixed gas is injected toward the upper part by establishing such a gas injection nozzle means 
rom two or more gas injection tips, it is spread in homogeneity over the whole upper part of the processed substrate 23, 
ind subsequently, it will go caudad, will descend equally, and will reach uniformly over the whole processed substrate. 
Jniform thickness distribution can be attained in this way. In addition, as for the gas injection nozzle means currently 
irranged in the vacuum chamber 21, it is desirable that it is metal with high thermal conductivity, such as Cu. 
0030] Furthermore, mirror-polishing finishing of the wall of the vacuum chamber 21 may be carried out, and insulators, 
aich as an alumina, may be covered with thermal spraying by the wall. This is for making it the graphite nano fiber to 
jenerate not adhere to a wall surface. Moreover, in order to prevent adhesion of the graphite nano fiber to a vacuum 
;hamber wall surface, the cooling pipe which pours a cooling medium, for example, cooling water, may be formed in a 
:hamber periphery as a means to cool a wall surface. Furthermore, the heating device for heating beforehand the mixed 
;as introduced in the vacuum chamber 21 may be established. 
0031] 

Example] An example explains hereafter the control approach of the path of the graphite nano fiber performed using the 
jquipment shown in drawing 2 among the heat CVD systems which have the above-mentioned configuration. 
Example 1) With EB vacuum deposition, nickel was vapor-deposited by the thickness of lOOnm only in the 
)redetennined part on a glass substrate (pattern part of a predetermined configuration), and Fe was vapor-deposited by 
10 and four kinds of thickness of 20 or 50,100nm on this nickel thin film pattern. Subsequently, two-layer [ which 
:onsists of a nickel thin film and a Fe thin film ] laid from the substrate stockroom what equipped with the substrate 23 
)y which pattern vacuum evaporationo was carried out on the substrate electrode holder 24 with the carrier robot 26 ori 
he stanchion 25 for substrate electrode holders in the vacuum chamber 2 1 of a heat CVD system. While operating the 
vacuum pump 34, evacuation was performed having changed Bulbs 33a and 33b into the open condition, and measuring 
he pressure in a vacuum chamber with a vacuum gage 35 until it became 0.05Torr extent. The infrared lamp 32 was 
mergized, substrate temperattire was made into 500 degrees C, and vacuum defervescence processing was performed 
)ver 5 minutes at this temperature. The main cock of carbon monoxide chemical cyhnder 37e and hydrogen chemical 
:ylinder 38e is opened, and pressure regulators 37c and 38c adjust in about 1 atmospheric pressure (absolute pressure), 
ind Bulbs 37a and 38a are opened. Then, with gas regulators 37b and 38b The mixed gas (at a capacity factor, it is CO:H 
1= 30:70) of carbon monoxide gas and hydrogen gas was adjusted to about 1000 seem extent, in the vacuum chamber 21 
rom the lower part of the processed substrate electrode holder 24, it inttoduced through the gas injection nozzle means, 
ind inert gas replacement was performed. Bulbs 33a and 33b are made into a closed state, a vacuum pump 34 is 
aispended, the bulb 39 of the bypass piping 28 is made into the open condition, and it was made for the inside of the 
vacuum chamber 21 to serve as atmospheric pressure (760Torr) mostly at this time. In this case, mixed gas was 
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ntroduced, where it energized the infrared lamp 32 and the processed substrate 23 is heated at 500 degrees C. 
0032] After the pressure in the vacuum chamber 21 became atmospheric pressure, the infrared lamp 32 was energized, 
he processed substrate 23 was heated at 500 degrees C, and growth reaction of a graphite nano fiber was performed on 
his substrate with the heat CVD method over 20 minutes at this example at this temperature. When carbon monoxide 
;as reached on the processed substrate 23, the carbon monoxide dissociated and the graphite nano fiber thin film formed 
mly on Fe thin film pattern vapor-deposited on the processed substrate. About the graphite nano fiber thin film which 
ook out the substrate which growth reaction ended from the vacuum chamber 21, and was obtained when it was three 
dnds whose thickness of Fe thin film pattern is 10 and 20 or 50nm The place which observed the membrane formation 
condition with the scanning electron microscope (SEM, x40000), In the case of lOnm of thickness, an about [ phi20- 
iOnm ] thin graphite nano fiber grows ( drawing 3 ). Although an about [ phi20-50nm ] thin graphite nano fiber grows in 
he case of 20nm of thickness ( drawing 4 ), and the about [ phi20-50nm ] thin graphite nano fiber is growing when it is 
50nm of thickness What the about [ phi 100-200nm ] thick graphite nano fiber is also growing a little ( drawing 5 ) is 
mderstood. Moreover, in the case of lOOnm of thickness, it is possible to make an about [ philOOnm ] thick graphite 
lano fiber grow, but this Fe thin film pattern has separated from the substrate. While it was possible to have controlled 
he path of the graphite nano fiber formed from the above thing by setting thickness of the catalyst metal thin film patten 
)f a substrate layer to 10-50nm or less to about phi50nm, peeling of a substrate layer was not produced. 
0033] Moreover, after using the substrate as it was and carrying out vacuum defervescence processing of the Fe plate 
vith a thickness of 125 micrometers like the above instead of the processed substrate which has the above-mentioned 
lubstrate layer, the heat CVD method was performed. When it observed by SEM like the above about the graphite nano 
iber formed on this Fe plate, only the about [ philOOnm ] thick thing was obtained ( drawing 6 ). The same result was 
)btained even if it changed the thickness of this Fe substrate. 

0034] Thus, the property of the source of electron emission which consists of an obtained graphite nano fiber thin film 
vas measured. Consequently, initiation of electron emission was checked in the place which impression electric field 
irrived at [ micrometer ] in Iv /, the amount of electron emission increased as impression electric field were enlarged 
ifter that, and about 100 mA/cm2 was reached in micrometer in 5v /. 

Example 2) EB vacuum deposition of an example 1 was changed into the spatter, the substrate layer was formed, and 
he graphite nano fiber thin film was formed according to the same procedure as an example 1. The same result was 
)btained when the obtained graphite nano fiber thin film was observed like the case of an example 1 about the substrate 
vhich growth reaction ended. 

Example 3) Instead of the substrate used in the example 1, the graphite nano fiber thin film was formed only in the 
)redetermined part on a glass substrate according to the same procedure as an example 1 using the substrate which has 
he one-layer substrate layer which comes to carry out the pattern vacuum evaporationo of the Fe by 10 and four kinds oi 
hickness of 20 or 50, lOOnm. The same result was obtained when the obtained graphite nano fiber thin film was obseryec 
ike the case of an example 1 about the substrate which growth reaction ended. 

0035] The substrate layer pattern of the two-layer structure which consists of a Fe thin film which has nickel thin film 
md specific thickness on a glass substrate in the above-mentioned example. Or although the example which formed the 
lubstrate layer pattern of 1 layer structure which consists of a Fe thin film which has specific thickness, formed the 
jraphite nano fiber thin film only in this pattern part, and examined the path was explained The same result was obtained 
ilso when pattern formation of the metal thin film of a substrate layer was further carried out on Si substrate, the case of 
he thin film pattern of non-catalyst metals, such as Cu(s) other than nickel, and the thin film pattern which has the 
ipecific thickness of catalyst metals other than Fe, and. 
0036] 

Effect of the Invention] The glass substrate or Si substrate which has the substrate layer which consists of 1 layer 
itructure of a catalyst metal thin film pattern with a thickness of 10-50nm according to this invention, Vacuum 
lefervescence processing of this is carried out using the glass substrate or Si substrate which has the substrate layer 
vhich consists of two-layer structure of a non-catalyst metal thin film pattern and a catalyst metal thin film pattern with 2 
hickness of 10-50nm. Or subsequently By performing a heat CVD method, it is possible to control the path of the 
)roduced graphite nano fiber suitably. The adhesion between a substrate layer and a substrate and the adhesion between 
)oth by the alloying by the interface of a catalyst metal and a non-catalyst metal also improve in that case. Therefore, by 
ising this approach, the source of carbon system electron emission (source of cold cathode) which enables achievement 
)f a high electron emission consistency and the low field-electron-emission engine performance can be produced and 
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)fFerecI, and the display device which enables further luminescence of the request part of an emitter which has this sourci 
)f carbon system electron emission can also be offered. 

Translation done.] 
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XAIMS 



Claim(s)] 

Claim 1] The substrate which made the catalyst metal thin film of the alloy containing at least one sort of Fe, Co(es), or 
hese metals form as a substrate layer on a glass substrate or Si substrate at a pattern predetermined by the thickness of 
[0-50nm is used as a processed substrate. After carrying out vacuum defervescence processing of this processed 
lubstrate, carbon content gas and hydrogen gas are used with a heat CVD method. The control approach of the path of 
he graphite nano fiber characterized by controlling the path of a graphite nano fiber which the graphite nano fiber was 
nade to grow up to be homogeneity, and grew up to be only a pattern part on this processed substrate. 
Claim 2] The substrate which made the catalyst metal thin film of the alloy containing at least one sort of Fe, Co(es), or 
hese metals form as a substrate layer on a glass substrate or Si substrate at a pattern predetermined by the thickness of 
lO-50nm is used as a processed substrate. This processed substrate laid in the vacuum chamber which carried out 
evacuation is heated with an infrared lamp, and vacuum defervescence processing of this processed substrate is carried 
)ut. Subsequently Introduce carbon content gas and hydrogen gas into a vacuum chamber, and the pressure in a vacuum 
:hamber is maintained in about 1 atmospheric pressure. The control approach of the path of the graphite nano fiber 
•characterized by controlling the path of a graphite nano fiber which the graphite nano fiber was made to grow up to be 
lomogeneity with a heat CVD method, and grew up to be only a pattern part on this processed substrate. 
Claim 3] After making the thin film of a non-catalyst metal form on a glass substrate or Si substrate as said processed 
lubstrate at a predetermined pattern, On this non-catalyst metal pattern, Fe, The control approach of the path of the 
graphite nano fiber according to claim 1 or 2 characterized by using the substrate which has the substrate layer of the 
wo-layer structure where the catalyst metal thin film of the alloy containing at least one sort of Co(es) or these metals 
vas made to form in a pattern predetermined by the thickness of 10-50nm. 

Claim 4] The control approach of the path of the graphite nano fiber according to claim 1 to 3 characterized by the 
emperature which performs said heat treatment being 400 degrees C or more and below the heat-resistant temperature oJ 

I substrate. 

Claim 5] The control approach of the path of a graphite nano fiber according to claim 1 to 4 that the mixing ratio of said 
:arbon content gas and hydrogen gas is characterized by being carbon content gas / hydrogen gas =0.1^10 on capacity 
criteria. 

Claim 6] The control approach of the path of the graphite nano fiber according to claim 1 to 5 characterized by the 
emperature which performs said heat CVD method being 450-650 degrees C. 

Claim 7] The control approach of the path of the graphite nano fiber according to claim 1 to 6 characterized by said 
;arbon content gas being a carbon monoxide or a carbon dioxide. 

Claim 8] The control approach of the path of the graphite nano fiber according to claim 1 to 7 which etches the front 
ace of the catalyst metal thin film of this substrate layer, makes the surface state coarse, and is subsequentiy 
:haracterized by performing a heat CVD method after heat-treating by making said substrate layer form. 
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Brief Description of the Drawings] 

Drawing 1] The outline block diagram showing an example of the membrane formation equipment for enforcing the 
ipproach of this invention. 

Drawing 2] The outline block diagram showing another example of the membrane formation equipment for enforcing 
he approach of this invention. 

Drawing 3] The microphotography by SEM to the graphite nano fiber obtained by the approach of this invention 
thickness of Fe thin film: lOnm) (x40000). 

Drawing 4] The microphotography by SEM to the graphite nano fiber (thickness of Fe thin film: 20nm) obtained by the 
ipproach of this invention (x40000). 

Drawing 5] The microphotography by SEM to the graphite nano fiber (thickness of Fe thin film: 50nm) obtained by the 
ipproach of this invention (x40000). 

Drawing 6] The microphotography by SEM to the graphite nano fiber which formed membranes, using Fe plate 
thickness: 125 micrometers) as a substrate (x40000). 
Description of Notations] 

I Vacuum Chamber 2 Substrate Electrode Holder 

i Processed Substrate 4 Infrared Transparency Aperture 

) Infrared Heater 6 Bulb 

7 Vacuum Pump 8 Vacuum Gage 

) Gas Supply System 10a, 1 la Bulb 

lOb, 1 lb Gas regulator 10c, 1 Ic Pressure regulator 

lOd, lid Chemical cylinder 12 CooUng means 

13 Insulator 14 Resistance Heating Type Heater 

II Vacuum Chamber 22 Load Lock Chamber 

. 13 Processed Substrate 24 Substrate Electrode Holder 
15 Stanchion 26 Carrier Robot 
17 Vacuum Pump 29 Vacuum Gage 
»0 Gate Valve 3 1 Infrared Transparency Aperture 
12 Infrared Lamp 33a, 33B Bulb 
\4 Vacuum Pump 35 Bulb 
!6 Gas Supply System 37a, 38a Bulb 
!7b, 38b Gas regulator 37c, 38c Pressure regulator 
;7d, 38d Bulb 37e, 38e Chemical cylinder 
19 Bulb 

'''■'■'■'■^•^■''''''■'■'■'■'■'■"^^^^ 
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